Peste des petits ruminant (PPR) is a contagious disease of small ruminants caused by a virus that belongs to the genus Morbillivirus of the family Paramyxoviridae. This study aimed to determine the seroprevalence of PPR disease in sheep and goats and its associated risk factors in Kassala State, Eastern Sudan. Across sectional study was conducted during the period from 30th August to 25th November 2015. The study was carried out using a structured questionnaire survey and a total of 918 blood samples were collected from apparently healthy unvaccinated sheep and goats in different localities in State of Kassala. A total of 546 sheep and 372 goats were tested for specific antibodies to nucleoprotein (NP) by competitive enzyme linked immunosorbent assay (cELISA). The apparent overall prevalence of PPR antibodies in Kassala was 58.2% while the true prevalence was calculated to be 61.3%. The apparent prevalence in sheep and goats was 68.1% and 43.5% respectively. Univariate analysis showed that the risk factors had significant associations with a cELISA positive status: locality, species, age, breed, husbandry system, housing mode, animals movement (p = 0.000) and animals sharing pasture and water (p = 0.003), while sex and newly introduced animals were not significant risk factors (p = 0.771) (p = 0.050) respectively. Factors found that significantly associated (p < 0.05) with increased odds of being cELISA positive in multivariate analysis were localities, species, age and newly introduced animals. The prevalence differed between localities and was the highest in the River Atbara (84.0%) locality, whereas it was lowest in Delta North (29.0%). No significant difference was observed among the sexes. However, the prevalence differed in different age groups and was 52.25% in animals of less than six months old; 49.3% were between seven months and two years old and 
Introduction
The Sudan has a huge wealth of animal resources that has been estimated to be around 104 million head of animals. The livestock sector in the Sudan is an important contributor to the national economy, contributing 46% to the Gross Domestic Product (GDP) [1] [2] [3] [4] .
Peste des petits ruminant (PPR) is severe highly contagious, notifiable, and transboundary viral disease affecting mainly small domestic ruminants [5] .
There are several reports of PPR occurring in other wild species, particularly in captive wild ungulates [6] . Although both cattle and pigs are susceptible to infection, but no obvious clinical signs are observed [7] . The disease caused by a virus that belongs to the genus Morbillivirus, of the family Paramyxoviridae [8] . PPR virus have six structural proteins namely: the nucleo-capsid protein (Np) which encapsulates the virus genomic RNA, the phosphoprotein (P) which associates with the polymerase (L) protein, the matrix (M) protein, the fusion (F) protein and the haemagglutinin (H) protein [5] , in addition to two nonstructural proteins C and V [7] . PPR usually characterized by onset of depression, fever, ocular and nasal discharges, and oral sores, disturbed breathing, cough, foul smelling diarrhoea and death [9] . The virus was firstly described in Ivory Coast in west Africa in early 1940s (Gargadennece and Lalanne, 1942 cited by OIE, 2012 [5] [10]) where it was used to be named as Kata, pseudo-rinderpest, pneumo-enteritis complex and stomatitis pneumo-enteritis complex [11] . However, the original strain of the virus was isolated in Nigeria in 1971 [5] . PPR caused numerous serious epidemics in small ruminant populations across sub-Saharan Africa, the Middle East, China, and major parts of the Indian subcontinent where PPRV is considered endemic [12] . In recent years, PPRV has extended its range southward in Africa as far as southern Tanzania (2008) and the Demo- The sero-prevalence and risk factors of the disease were determined in some
States in the Sudan such as Sinnar, Gedarif, River Nile and North Kordofan, and some risk factors were found to be associated with disease of which states, localities, husbandry system, gender and age were the most prominent [20] . Enan et al. [21] indicated Seroprevalence of PPR in small ruminants in Marawi province
Northern Sudan from which no previous outbreaks were recorded. Recent outbreak of PPR in small ruminants in Khartoum and River Nile States were described by Ali et al. [22] . Control of PPR depends mainly on vaccination, isolation of infected animals, restriction of animal's movement. A homologous vaccine produced locally in the Sudan is used to vaccinate small ruminants, but well organized vaccination campaigns are not well performed and culture of vaccination are not completely spread in the society, and some owners even think that the vaccine causes the disease rather than protect from it hence they reject vaccination.
The present work was performed to determine the prevalence and associated risk factors of the disease in Kassala State, Eastern Sudan. Figure 1 and Figure 2 ). 
Materials and Methods

Study Area
Sheep population in
Sampling
Sample size from sheep and goats were estimated using the underlined assumptions that the prevalence was 15% and confidence interval (CI) 95%. The following formula was used before collection to detect at least one seropositive animal [24] :
k is the number of samples of each flock, α is probability of observing at least one seropositive animal, d is expected number of infected animals in herd and N is average of herd size. Accordingly the required sample size was found to be 532 sheep and 353 goats but 546 sheep and 372 goats were tested to complete final plate. Herds size in sheep was between 50 -250 head and between 50 -150 head in goats.
Sampling Design
A two-stage selection strategy was performed. The first stage was selection of villages from each of the 10 localities mentioned before, the strategy depends on the covering of 80% -100% of villages from every locality, starting from center of every locality to the borders in circle shape. The second stage was selection of flocks, where 10 flocks were visited in every locality and samples tested covered all visited villages in different proportion. The number of selected villages for sampling from each locality (80% -100%) was proportional to the numbers of sheep and goats in that locality. The vaccinated herds against PPR disease was excluded from sampling in this study.
Period of Samples Collection
Samples were collected during the period from 30th of August 2015to 25th of November 2015.
Collection of General Data
The data of PPR outbreaks, vaccination, animal census, and animal movement were collected from the General Administration of Animal Resources in Kassala State. Open Journal of Animal Sciences
Questionnaire Survey Design
The questionnaire was designed to record the risk factors by direct contact with the flock's owners. The particulars gathered included locality, species, age, breed, sex, husbandry system, housing, animal movement, sharing pasture and water, and newly introduced animals. Also questionnaire included other particulars not analyzed such as name of villages, general status of flocks, mixing of sheep and goats, separation of different age groups in flock, any health problems observed by owners, and observed sings like lacrimation, nasal discharge, diarrhea, oral ulceration, dullness, fever, abortion, availability of veterinary services, impression about veterinary services, and other observations.
Collection of Samples
Blood samples for serum were randomly collected from sheep and goats flocks in all localities in Kassala State. About 5 ml of blood were collected from jugular vein using plain vacutainer tubes. The tubes were kept in slant position and protected from direct sunlight till blood clotted. Serum was separated and stored in cryovial tubes at −20˚C untill processed.
Competitive Enzyme-Linked Immunosorbent Assay (cELISA)
The collected sera were tested for PPR nucleoprotein (NP) antibodies using competitive ELISA kit, and the test was performed according to instructions of the manufacturer. (ID.vet rue. Louis Pasteur_Grabels-FRANCE), this diagnostic kit is designed to detect antibodies directed against the nucleoprotein of the peste des petits ruminants (PPR) virus. The test uses technology developed by FAO reference laboratories (CIRAD, Montpellier, France). This ELISA kit has 94.5% and 99.4% sensitivity and specificity respectively.
True Prevalence (TP)
True prevalence is the proportion of all those samples who are tested who are actually positive while the apparent prevalence is the proportion of all those samples who are tested who, writly or wrongly, tested positive. True prevalence was estimated using the equation [25] :
where TP the true prevalence, AP the apparent prevalence, SE the sensitivity of the diagnostic procedure (competitive ELISA), SP the specificity of the diagnostic procedure (competitive ELISA).
Statistical Analysis
The statistical package for social sciences SPSS version 22 was used for all appropriate statistical analysis. Descriptive statistic of the variables was obtained. 
Results
From 918 sheep and goats sera tested, 534 samples were positive for PPR antibodies. The overall apparent prevalence rate of PPRV antibodies in Kassala State eastern Sudan was estimated to be 58.2%, but according to diagnostic sensitivity and specificity of cELISA reported by manufacturer the overall true prevalence is 61.3%. The apparent prevalence in ovine was 68.1% and in caprine 43.5%, consequently the true prevalence is 67.7% and 40.5% respectively ( Table 1 ). The prevalence at flock level was found to be 100% in sheep and goats. Regarding different localities, the highest and lowest rates of PPRV sero-positivite were recorded in River Atbara (84.0%) and Delta North (29.0%) respectively ( Table  2 ). The prevalence in both sexes was 57.1% in males and 58.4% in females (Table 3) . In different age groups the prevalence in animals less than six months old was 52.25%, from seven months to two years is 49.1% and that above two years old 65.5% (Table 4 ). The results showed that the prevalence is higher in younger and older animals than in middle ages animals. According to breeds of sheep, the prevalence was highest (83.8%) in Hamari breed (Table 5 (a)). In goats, the highest prevalence (64.7%) in Jabali (mountainous) breed (Table  5 (b)). The prevalence in open grazing system was the highest (73.0%), while it was 47.9% in intensive system and 49.2% in pastoral as shown in Table 6 . Different movement patterns were identified for sheep and goats in Kassala State, the animal flocks move 1) inside localities, 2) between states and localities, 3) among localities, States and neighboring countries and 4) between countries. The prevalence in flocks, which move between states and localities (inter-states/inter-localities) showed the highest prevalence (81.3%), while the flocks that move inside localities showed the lowest prevalence (46.9%) ( Table   7 ). The prevalence in flocks sharing pasture and water was 60.5% and 47.9% in flocks that not sharing pasture and water (Table 8 ). In flocks which introduced new animals the prevalence was 45.3%, while it was 59.0% in flocks that did not introduce new animals ( Table 9 and Table 10 ). Univariate analyses using Chi-square test revealed that the risk factors that had a significant association with cELISA sero-positivity were locality (p = 0.000), species (p = 0.000), different age groups (p = 0.000), breeds (p = 0.000), husbandry system (p = 0.000), housing mode (p = 0.000), animals movement (p = 0.000), sharing pasture and water (p = 0.003), while sex (p = 0.771) and newly introduced animals (p = 0.050) had not significant association.
Results of logistic regression analysis that assess the combined relationship between analyzed risk factors with the cELISA positivity status for PPR are presented in Table 11 . The factors that were significantly associated with increased odds (Exp(B)) of being cELISA positive included: locality, species, age groups and newly introduced animals.
Discussion
In the last few years, PPR disease has become endemic in Kassala State [26] . In the past, there was the view that PPR disease was introduced from neighboring countries. In contrast, this study revealed that animals from inner localities like River Atbara and New Halfa have the highest prevalence. Although Wad Elhilew locality is a border area which has a high prevalence, but animals from this locality spend a long time yearly in River Atbara locality (Al-Butana plains) where they may become infected by mixing with animal flocks from others localities like River Atbara, Halfa and Refi Algirba. Animals from bordering localities like Rural Kassala and Talkouk which do not go to Butana area reported medium rates of sero-positivity, but animals that have the least contact with animals from other localities showed the lowest sero-positivity (e.g. Delta North). Studies of seroprevalence of PPR in River Nile and white Nile States revealed that the prevalence was 56.5% and 49.4% respectively; this shows that the prevalence of the disease is high in other states in Sudan [27] confirming the endemicity of PPR in Sudan. This study also revealed that sheep are more susceptible to PPR infection than goats, which is supported by the fact that most of PPR outbreaks in Kassala State registered in sheep (Ministry of animal resource Anon). These findings agree with Ozkul et al. [28] who found that the prevalence of PPR found in sheep (29.2%) is higher than in goats (20%) in Turkey. Another study in Punjab province, Pakistan revealed that the prevalence in sheep is higher than goats be-Open Journal of Animal Sciences ing 65.80 and 48.24 respectively [29] . The antibody-based prevalence against PPRV in female of sheep and goats were 65.20% and 54.70%, respectively, compared to 39.64% and 41.75% for corresponding males. The females were more prone to infection of PPRV and showed significantly higher number of positive cases in Punjab [29] , but this study revealed that there was no significant association between the prevalence of PPR disease and sex, similar to that found by Muse et al. [30] who recorded no statistical significance in prevalence between males and females in Tanzania. In contrast, other previous studies in Sudan in North Kordofan State and Kassala State found that the prevalence in males (58.6%) was less than in females (80.2%), but in River Nile and White Nile States the prevalence in females (60.4%) was higher than in males (27.4%) [27] . In Bangladesh, the prevalence of PPR in goats males (28.52%) was higher than in females (13.04%) [31] . In the present study, the prevalence differed between age groups, animals of less than six month were less susceptible compared to that of more than two years, while animals of ages between seven months and less two years showed the lowest prevalence, this of some agreement with Sarker and Islam [31] , whose found that the prevalence in 1 -12 months old is higher than in adults above one year, but another study of PPR in different areas in Algeria found that the prevalence in adults 14.4% was higher than in young (9.78%) [32] . The variation of prevalence between age groups may due to development of immune system, immune response in animals of seven months and less than two years may stronger than other age groups that confirmable by a fact that animals in middle ages have a general fitness. Present disease investigation in different local breeds and cross local breeds of sheep and goats in Kassala State, indicated that sheep of Hamari breed showed the highest prevalence, while Gash type showed the lowest prevalence and the remainder breed don't express significant difference in prevalence of the disease. In goats the highest prevalence was seen in Mountainous breed and the lowest prevalence was record in Saanen breed. In different husbandry systems higher prevalence was observed in open grazing system compared to pastoral and intensive systems, this may be due to movement stress, mixing with other flocks and sharing pasture and water resources, however in another study the prevalence was highest in pastoralist system (68.1%) than other systems [20] . In different types of housing, animals housed in metal houses showed the highest prevalence and the animals housed in tree branches fences showed the lowest prevalence, this was in disagree with Salih et al. [20] , who found that the highest prevalence in animals with no houses while there was no prevalence in animals housed in metal housings, foundings in present study is may due that owners leave animals crowded in limited spaces with close contact together that make animals more exposure to infected aerosols. In the present investigations, animal flocks that move between different localities and cross the border between states (inter states/inter localities) demonstrated higher prevalence than those that cross the borders between the countries, while the flocks grazing inside localities showed the lowest prevalence rate. This is may be attributed to less exposure of these animals to the virus. In this study the prevalence in flocks sharing common pasture and water sources is investigated, animals sharing pasture and water showed higher prevalence than animals grazing in one pasture and not sharing water resources; Shuaib et al. [26] , found that animals sharing pasture and water sources together have higher prevalence (74.0%) than that just sharing water sources (70.7%). In flocks that introduced new animals the prevalence was lower than in flocks did not introduce new animals, this is in agreement with shuaib et al. [26] who found that the prevalence is lower (70.3%) in flocks that brought animals from outside than that did not bring (74.1%). Analysis of the risk factors by using Chi-square test and multivariable logistic regression revealed strong correlation to all risk factors (p ˂ 0.05) except in sex and introduction of new animals.
Finally it is concluded that PPR disease is endemic in Kassala State, high prevalence in sheep and goats, all breeds, different sexes and all ages expostured to infection and pose a threat to export and economic situation of the State. It is recommended that owners and herders must yearly vaccinate their animals and periodic investigation should be carried out including all livestock species to establish disease eradication plan in Kassala State which is considered as a major production and live animals export area.
